Study Design. Retrospective study. Objective. To determine the optimal osteotomized vertebra (OV) and lowest instrumented vertebra (LIV) in ankylosing spondylitis (AS) kyphosis. Summary of Background Data. Although most of AS kyphosis cases are treated by pedicle subtraction osteotomy (PSO), few studies have focused on the selection of the LIV relative to distal OV. Methods. We reviewed all AS kyphosis cases surgically treated at our institution between 2010 and 2013. Patients were divided into groups based on the relative position of LIV and distal OV: group OVþ2, the LIV was the second vertebra below OV; group OVþ3, the LIV was the third vertebra below OV; group OVþ4, the LIV was the fourth vertebra below OV. The preoperative and 2-year postoperative radiographic parameters and clinical data of the former two groups were compared. In addition, if the LIV was S1, patients were included in group S1, and those remaining were included in group non-S1 (the LIV was L5 or above). Results. None of the patients presented fixation failure. Groups OVþ2 and OVþ3 had similar magnitudes of kyphosis (P > 0.05) and sagittal vertical axis corrections (P > 0.05) at the last followup. There was no difference in the incidence of proximal junctional kyphosis (PJK) between groups (P > 0.05). Between groups S1 and non-S1, the incidence of PJK and the magnitudes of kyphosis and sagittal vertical axis corrections were not significantly different (P > 0.05). The lumbosacral visual analogue scale and the incidence of pressure sores in group S1 were higher than in group non-S1 (P < 0.05). Conclusion. When PSO is performed at the level of L2 or L3, the instrumentation can be limited to the two caudal vertebra that follow. Extending the fixation to more vertebra or to the sacrum does not appear to improve the stability of the instrumentation and the fusion rate, and it is not suitable to carry out PSO at L4.
A nkylosing spondylitis (AS) is a chronic, inflammatory rheumatic disease mainly affecting the axial skeleton. 1 This disease can lead to progressive ossification of the spinal ligaments and eventually result in rigid thoracolumbar kyphosis (TLK). 2 Severe thoracolumbar kyphotic deformity is a common condition in the latter stages of AS, leading to sagittal imbalance and impairment of the horizontal gaze. 3 More recently, pedicle subtraction osteotomy (PSO) has emerged as an effective procedure for correcting TLK secondary to AS. [4] [5] [6] [7] Although the technical details and effect of PSO have been well described, few studies have focused on the selection of the lowest instrumented vertebra (LIV) of this surgery.
Selection of the LIV determines the distal fusion level. In other patients with spinal deformity, decreased fusion level can lead to greater spinal motion 8, 9 ; however, in patients with AS whose spine is fixed, a less fusion level still contributes to the safety of the operation and could reduce the costs of the procedure. Thus, the purpose of this study was to investigate the optimal selection of LIV relative to the osteotomized vertebra (OV) and whether it is appropriate to use S1 as the LIV. And, we aimed to identify the optimal OV from the level of instrumentation perspective.
MATERIALS AND METHODS
We reviewed all AS cases surgically treated at our institution between January 2010 and May 2013. Individuals not directly involved in the patients' surgery performed the collection and analysis of radiographic and clinical data. The inclusion criteria were as follows: patients with AS with TLK who were treated by single or interrupted two-level PSO; with a minimum 2-year follow-up; and distal OV at L2, L3, or L4, and the LIV from L4 to S1. The exclusion criteria were as follows: preoperative coronal curve of more than 108; previous spinal surgery; and pathological spinal fractures or pseudarthrosis. This study, therefore, consisted of a group of 123 patients with AS (110 males and 13 females) with a mean age of 36.1 (range, 21-56) years. The mean follow-up was 29.3 (range, 24-60) months.
We observed the OV and LIV locations, and calculated the relationship between them. We also recorded the time needed for implanting the pedicle screw at each vertebra. All the included patients were divided into three groups based on the relative position of LIV and distal OV. Group OVþ2 (n ¼ 68) had LIV at the second vertebra below OV, group OVþ3 (n ¼ 53) had LIV at the third vertebra below OV, and group OVþ4 (n ¼ 2) had LIV at the fourth vertebra below OV. The former two groups were compared for preoperative and 2-year postoperative radiographic parameters and clinical data. Depending on whether LIV was S1, all patients were divided into two groups: group S1 (n ¼ 18) and group non-S1 (the LIV was L5 or above, n ¼ 105). Preoperative and 2-year postoperative radiographic parameters and clinical data of these two groups were compared.
The radiographic parameters, including global kyphosis (GK, the angle between the superior endplate of the maximally tilted upper-end vertebra and the inferior endplate of the maximally tilted lower-end vertebra), TLK (the angle between the upper endplate of T11 and the lower endplate of L2), lumbar lordosis (LL, the angle between the superior endplate of L1 and S1, with a positive value indicating lumbar kyphosis and negative value indicating LL) and sagittal vertical axis (SVA, the distance measured between the C7 plumb line and the posterosuperior corner of S1) were available and measured in our photograph archive and communication system. All measurements were performed by one of the authors and repeated by the other two authors. The average measurement values obtained by the three authors were used for the final analyses, and measurement errors were calculated.
Clinical data, including age, sex, number of fused vertebra, intraoperative blood loss, operation duration, Oswestry disability index (ODI), visual analogue scale of lumbosacral pain and incidence of pressure sores at the sacral area, proximal junctional kyphosis (PJK), and fixation failure at the last follow-up were reviewed. PJK was diagnosed when the junctional kyphotic angle worsened by more than 108 compared with the preoperative value.
Statistical Analysis
The calculations were performed using the Statistical Package for Social Sciences software version 13.0 (SPSS Inc., Chicago, IL) for Windows. Continuous variables were presented as mean and standard deviations and compared with Student t test if the data were normally distributed. Categorical variables were presented as specific data and compared with chi-squared test. The correction of the sagittal parameter was calculated as follows: correction ¼ preoperative parameter À postoperative parameter. Improvement of ODI ¼ preoperative ODI À postoperative ODI. The level of significance was set at P < 0.05.
RESULTS
Of 123 patients, 69 underwent single-level PSO and 54 underwent two-level PSO. The single-level PSO or the lower PSO of the two-level PSO was performed at L2 in 56 patients, L3 in 63, and L4 in the remaining 4. The lowest LIV was L4 in 13 patients, L5 in 92, and S1 in the remaining 18. Results of the OV and LIV locations are shown in Tables  1 and 2 .
In our photograph archive and communication system, the length measurement precision was 0.1 mm and angle measurement precision was 0.18. The average error in length measurement was 1.6 (range 0-4.0) mm and the average error in angle measurement was 3.38 (range 0-5.58). L2  10  30  2  42  L3  0  17  7  24  L 4  0  0  3  3  T11þL 2  0  1  0  1  T11þL 3  0  1  0  1  T12þL2  3  10  0  13  T12þL 3  0  2  1  3  L1þL3  0  31  4  35  L2þL 4  0  0  1  1  Overall  13  92  18  123 LIV indicates lowest instrumented vertebra; OV, osteotomied vertebra.
TABLE 1. Number of Cases Distribution of OV and LIV
OV LIV ¼ L4 LIV ¼ L5 LIV ¼ S1 Overall
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Time Needed for Screw Implantation
The mean time needed to implant each screw was measured from locating the screw entrance point to completion of the screw insertion. The time needed to check the screw position by the C-arm was equally distributed per screw. Compared with the time needed to implant a screw at L1-L5, the time needed to implant a screw at S1 was significantly longer (P < 0.001) ( Table 3) . 
Differences of Outcomes Between Group OVR2 and Group OVR3
There were 68 patients with LIV at the second vertebra below OV in group OVþ2, and 53 patients with LIV at the third vertebra below OV in group OVþ3 (Figure 1 ). Both groups were equivalent with regard to the average age, sex distribution, preoperative ODI, and preoperative sagittal parameters (GK, TLK, LL, and SVA) ( Table 4 ; P > 0.05). Both groups obtained similar kyphosis and SVA corrections at the last follow-up (Table 4 ; P > 0.05). There was no significant difference for the improvement of ODI and incidence of PJK at the last follow-up (Table 4 ; P > 0.05); however, patients in group OVþ3 had a greater number of fused vertebra than those in group OVþ2 (Table 4 ; P < 0.05).
Differences of Outcomes Between Groups S1 and Non-S1
In group S1, there were 18 patients in whom LIV was S1, and 105 patients in whom LIV was L5 or above in group non-S1 ( Figure 2 ). These groups were equivalent with regard to the average age, intraoperative blood loss, and operation duration (Table 5 ; P > 0.05). There were no significant differences (P > 0.05) between groups in preoperative ODI and preoperative sagittal parameters (GK, TLK, LL, and SVA) ( Table 5) . Both groups obtained similar kyphosis and SVA corrections at the last follow-up (Table 5 ; P > 0.05). There was no significant difference for the improvement of ODI and incidence of PJK at the last follow-up (Table 5 ; P > 0.05); however, patients in group S1 presented a larger number of fused vertebra, worse ODI score, higher visual analogue scale score, and higher incidence of pressure sores at the last follow-up than group non-S1 (Table 5 ; P < 0.05). There was no fixation failure or deformity progression or spinal fracture at the distal junctional region by the last follow-up.
DISCUSSION
In a patient with AS, unlike a patient with an adolescent idiopathic scoliosis, the whole spine is fused. Thus, shorter fusion does not allow for more spinal mobility and growth potential. The main role of instrumentation is simply to maintain the correction after the surgery; however, minimizing the instrumented level is still beneficial to patients with AS not only from the economic perspective, but also from the perspective of operation safety. As far as we know, none of the previous studies referred to the LIV selection in AS kyphosis treatment. This study focused on the LIV selection for the treatment of thoracolumbar or lumbar kyphosis in patients with AS. Considering that only two patients had a LIV at OVþ4, we mainly compared the groups OVþ2 and OVþ3. Furthermore, based on the comparisons between patients having S1 instrumentation or not, we attempted to find out whether it is appropriate to take S1 as the LIV.
Select OVR2 or OVR3 As LIV?
The distal anchor points should be chosen according to the location of the spinal osteotomy. Our study showed that patients with LIV at the second or third vertebra below OV had similar sagittal correction, which is reasonable because that corrective magnitude is mainly influenced by the technique used for osteotomy and osteotomy number. An ODI instrument was used to evaluate the clinical outcomes. Although the postoperative ODI improved compared with the preoperative score, there were no significant differences in the preoperative ODI and postoperative improvement between groups.
In addition, two pairs of pedicle screws below the osteotomy should be sufficient to maintain the stability and correction. Among patients with OVþ2, there was no fixation failure or distal deformity progression. We consider that choosing OVþ3 as the LIV is unnecessary and wasteful. Thus, we suggest that OVþ2 is the optimal LIV in TLK of patients with AS treated by PSO. Our reasons are as follows: (1) after the lordosis is reconstructed, the interface between the vertebra and pedicle is compressed by shear stress rather than tensile stress. Figure 3 shows the force component imposed on the pedicle screw. (2) Fusion between the LIV and the vertebra below the LIV was stable, and there were no cases of junctional deformity or fracture. (3) Although the vertebral body has osteoporosis, ossification of the ligament and excessive bone formation lead to a hard and thick cortex, 10 which increases the force holding the screw.
Should S1 Be Instrumented?
Our results indicated that the effects of correction and fusion were satisfactory whether S1 be instrumented or not; however, during the follow-up, the patients with instrumented S1 tended to experience more pressure sores, and their lumbosacral pain was more severe. Although the preoperative ODI score of both groups was similar, patients with S1 fixation had worse ODI at the last follow-up, which might also be related with the lumbosacral pain. Thus, we suggest that S1 is not the optimal LIV in most cases of AS TLK treated by PSO. The reasons are as follows: the S1 screw remained close to the skin, and it is more likely lead to pressure sores, lumbosacral pain, and the feeling of protrusion ( Figure 4) ; fusion between L5 and S1 was stable, and there was no junctional deformity or fracture; the operative time for the implantation of an S1 screw is longer than that for the implantation of a screw in any other vertebra. Based on our experience, it is more difficult to expose an entrance point on S1 and implant an S1 screw because of the iliac cover caused by fusion of the sacroiliac joint. Further, instrumentation of S1 is necessary only in some specific circumstances, for example, if the screw above S1 becomes loose or there is an occult fracture at the L4 level. Otherwise, we do not recommend instrumentation of S1.
The Site of Osteotomy
As we know, the hip axis plays the role of the hinge center of the upper trunk in a fixed spine, such as the one in patients with AS. Theoretically, the shorter the distance between the osteotomy site and hip axis, the larger influence of the sagittal imbalance. To maximize correction and safety, von Royen and Slot 11 recommended that the corrective osteotomy should be performed in the lower lumbar spine; however, according to the results of our study, performing a PSO at L4 involves the fixation of S1 (OVþ2), which could lead to several complications. Therefore, from the perspective of instrumentation, performing a PSO at L3 or above is more acceptable than at L4.
In addition, thoracolumbar and lumbar regions are usually the most affected regions by kyphosis in patients with AS. We suggest choosing L2 as the osteotomy site at the thoracolumbar region and L3 as the osteotomy site at the lumbar region, considering this level is a non-cord region and the vertebral canal is relatively spacious, which is an advantage to prevent cord injury. 3 When the magnitude of kyphosis is severe and a two-level PSO is needed, we recommend performing the first PSO at L3 and the second PSO at T12 or L1, according to the characteristics of the patients' deformities. 12 Briefly, for the correction of thoracolumbar and lumbar AS kyphosis, when PSO is performed at the L2 or L3 level, the instrumentation can be limited to the two following caudal vertebra that follow. Extending the fixation to more vertebra or to the sacrum does not appear to improve the kyphosis correction and stability of the instrumentation. This means that, if L2 is the vertebral site at which the singlelevel PSO or distal level of the two-level PSO will be performed, L4 should be chosen as the LIV. If L3 is the vertebral site at which the single-level PSO or distal level of two-level PSO will be performed, L5 should be chosen as the LIV. Finally, we do not consider that L4 is suitable as the OV.
Key Points
The effect of correction and fixation is satisfactory when take OVþ2 as the LIV. S1 should be restricted to be instrumented as the LIV. We suggest carrying out the PSO above L4.
